Recently, Shifman et al. 1 reported the first genomewide association analysis for extreme scores of the personality trait neuroticism measured by the revised form of Eysenck's personality questionnaire (EPQ-R) using pooled DNA. One single nucleotide polymorphism (SNP) of the initial whole genome analysis, rs702543, located in an intron of the cAMP-specific phosphodiesterase 4D (PDE4D) gene could be replicated in a separate sample of the same cohort and in independent families. PDE4D is mapping on chromosome 5q11.2-5q12.1 and spans a region of more than 615 000 bp. A role of the PDE4D gene for depression has been suggested from results with the cAMPphosphodiesterase inhibitor, rolipram, exhibiting antidepressant effects in patients, 2 which appears to be essentially mediated by PDE4D. Based on these findings, we sought to further elucidate the effects of PDE4D on personality traits related to neuroticism in healthy subjects as well as in patients with major depression. Data are available in 366 healthy subjects and 163 inpatients with major depression participating in the Munich Antidepressant Response Signature (MARS) project. 4 Healthy subjects were examined with a modified version of the Munich-Composite International Diagnostic Interview (DIA-X/M-CIDI) to exclude a lifetime history of mental Axis I disorders according to criteria of the Diagnosis and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV). 5 Patients' diagnosis was ascertained by trained psychiatrists applying DSM-IV criteria, and patients filled in the personality questionnaires prior to discharge with current psychopathology, evaluated with the Hamilton Scales for Depression and Anxiety. 6, 7 The majority of patients was in clinical remission at the time of personality assessment; nevertheless, test scores were additionally corrected for current depression and anxiety. One hundred and twenty-eight SNPs covering the PDE4D region ( ± 10 kb) with an average marker distance of B5 kb were genotyped in healthy subjects using Illumina Bead Chips HumanHap300, 300 k and Human-1, 100 k (Illumina Inc., San Diego, CA, USA). Personality was evaluated in terms of neuroticism (NEU; EPQ-R) and harm avoidance (HA; Cloninger's Tridimensional Personality Questionnaire TPQ), which is closely related to neuroticism (r = 0.70) and can be subdivided into four subscales (HA1, anticipatory worries and pessimism; HA2, fear of uncertainty; HA3, shyness with strangers; HA4, fatigability and asthenia). Standardized residuals of the personality traits (corrected for age, gender, in patients additionally for scores of the Hamilton scales for depression and the Hamilton scales for anxiety) were analyzed using analysis of variance, testing a genotypic and allelic model of inheritance. Effect sizes are reported as Cohen's f. 8 A case-control analysis was performed using Fisher's exact test. Nominal P-values were corrected for multiple comparisons according to Westfall and Young 9 using 10 000 permutations. We found nominal associations for 38 SNPs with NEU, HA and HA subscales. After correction for multiple testing, the association between the intronic SNP rs1971940 and HA4 ('Fatigability and asthenia') remained significant (p nominal = 0.0004, p corrected = 0.03; f = 0.13, suggesting a small effect; see Figure 1 ). rs702543, reported by Shifman et al. 1 to be associated with extremes of NEU in three independent samples, showed a nominal association only with HA2 (p nominal = 0.048, 'Fear of uncertainty'), which did not withstand correction for multiple testing. No other associations with rs702543 emerged. We reanalyzed our data using the same procedure as Shifman et al.
1 to obtain extreme scores of personality, but failed to find any improvement of nominal P-values, presumably due to absence of nonlinear effects.
In addition, we reanalyzed 38 nominally significant SNPs (P < 0.05) in the patients. One intronic SNP (rs1870077) showed nominal associations with HA2 (p nominal = 0.01, 'Fear of uncertainty') and HA3 (p nominal = 0.001, 'Shyness with strangers') as well as with HA (p nominal = 0.01). The association with HA3 remained significant after correction (p corrected = 0.04; f = 0.30, suggesting a medium effect; see Figure 1 ). No effects were found for rs702543.
The case-control association analysis revealed significant effects for rs1971940 (p nominal = 0.02) and rs2409627 (p nominal = 0.02, both in linkage disequilibrium (r 2 = 0.5)) which, however, did not remain significant after correction for multiple testing.
The associated SNPs (rs1971940 and rs1870077) are not in linkage disequilibrium neither to each other (r 2 = 0.02) nor to the SNP reported by Shifmanet al.
1
(r 2 = 0.001 and 0.03, respectively). Several intronic SNPs in PDE4D showed nominally significant associations with NEU, HA and HA subscales in healthy subjects with one SNP, rs1971940, remaining associated with HA4 'Fatigability and asthenia' after correction for multiple testing. According to HapMap data, rs1971940 is located in a linkage disequilibrium block surrounded by recombination hotspots (HapMap Phase I Release 16c.1 and Perlegen genotyping data), suggesting that rs1971940 might be involved in alternative splicing of PDE4D. However, the association with rs1971940 could not be replicated in patients with major depression, but another intronic SNP, rs1870077, was associated with HA3 'Shyness with strangers', withstanding the correction for multiple testing. rs702543, the SNP reported by Shifman et al., was not associated with NEU but displayed a nominally significant association with HA2 'Fear of uncertainty'. One explanation for the discrepant outcomes between both studies might be the difference in phenotype definition. While the initial study investigated extremes of the personality distribution, we used quantitative personality phenotypes to generalize the results to the complete continuum of neurotic personality.
To summarize, our data provide evidence that some polymorphisms of PDE4D show associations with personality traits related to neuroticism. However, PDE4D appears associated with rather specific facets of neurotic HA suggested by Cloninger than with Eysenck's NEU. 
